Introduction: Post-cholecystectomy diarrhoea (PCD) is probably the most distressing postoperative non-pain symptom. Its nature is not fully understood. The aim of this systematic review was to assess the prevalence, aetiology, predisposing factors and management of PCD from the past study reports. Methods: We conducted a wide ranged review of published literature on PubMed, Web of Knowledge, and the Cochrane library without any time limitation. Results: Twenty five studies were included. The prevalence of PCD was 9.1% (302/3306) with no significant difference between genders. The prevalence of bile acid malabsorption (BAM), the most important suggested aetiological factor, was seen in 65.5% (36/55) patients with PCD. There were no obvious predisposing factors. We found 92% (23/25) of patients with PCD responded to cholestyramine therapy. The cure rate for cholecystectomy on preoperative cholegenic diarrhoea was 54.5% (121/222). The prevalence of post-cholecystectomy new onset constipation was 7.9% (78/987). Conclusion: The aetiology of PCD is unknown and appears to be multifactorial. The BAM prevalence was only 65.5%, however 92% of PCD patients responded to cholestyramine therapy suggesting that cholestyramine therapy could also have curative effect on other unknown aetiological factors related to bile metabolism. The complexity of the aetiology of PCD is more projected by considering the curative effect of cholecystectomy on preoperative cholegenic diarrhoea, and the occurrence of post-cholecystectomy new onset constipation. However, the relationship between cholecystectomy and PCD is an undeniable fact.
Introduction
Cholecystectomy is one of the most common operations in the world. It is appropriate to assess its outcomes from the patient's perspective, taking into account the symptomspecific endpoints. Although the majority of patients after a cholecystectomy are satisfied with their outcomes, there are nonetheless a significant number of patients with bothersome postoperative non-pain symptoms [1] , among which diarrhoea is probably the most distressing [2] .
Even though most patients adapt to the change in the enterohepatic circulation after cholecystectomy and do not develop diarrhoea [3] , diarrhoea evolving after cholecystectomy is a well-known clinical problem. The frequency of post-cholecystectomy diarrhoea (PCD) however is a matter of debate [4, 5] and its nature, aetiology, and predisposing factors are not fully understood. Thus objective information regarding prevalence, mechanisms and predisposing factors for PCD is important for clarification of patient expectations, informed consent and postoperative management of these patients.
Underlining the importance of post-cholecystectomy diarrhoea Fort et al. [6] reported that patients with postcholecystectomy diarrhoea syndrome had markedly shortened total colonic transit times, which were remarkably in the range of transit times measured in patients with bouts of acute infectious diarrhoea. However, after removal of their gallbladder, some patients experienced a diarrheogenic trend strong enough to set them aside from the norm and make them regard themselves as anywhere from annoyed to socially disabled [6] .
This systematic review of observational studies, detailing complications related to changes of bowel habit after cholecystectomy, would help surgeons modulate postoperative expectations about diarrhoea as a complication of cholecystectomy and advice on its possible persistence.
The aim of this study was to assess the prevalence, aetiology, predisposing factors and management of postcholecystectomy diarrhoea from the past study reports.
Methods and Materials
We conducted a systematic review of published literature using standard electronic databases, PubMed (MED-LINE), ISI Web of Knowledge, and Cochrane library. In order to identify the maximum number of articles related to our subject our search strategy had no time limitation. Key words, such as, "diarrh*", "cholecystectomy", "bile acid malabsorption" were used in the following combinations; [Cholecystectomy AND diarrh*] or [cholecystectomy AND bile acid malabsorption]. Reference lists of included articles were further analysed for additional studies.
Inclusion Criteria
Following the initial search, identified articles were screened using predetermined inclusion criteria. All included studies met our outlined parameters; articles about post-cholecystectomy diarrhoea, articles dedicated to post-cholecystectomy complications which included diarrhoea, studies describing both laparoscopic and open approaches, non-English articles which had an English language abstract with enough information, abstract only published papers containing relevant and usable information.
Exclusion Criteria
Rejected studies were; letters and comments or notes, case reports, articles which evaluated diarrhoea as an outcome of cholecystectomy in tandem with another procedure or included factors other than post-cholecystectomy which could play a role in the pathogenesis of the diarrhoea, thereby lacking a clear link between the outcomes and cholecystectomy, foreign language articles without English abstracts, English abstracts of foreign articles without enough information.
Data Extraction
Extracted data included; Trial design, number of included patients, demographics (age, gender), duration of follow up after operation, method of follow up, number of patients with PCD, the criterion for diagnosing diarrhoea, gastrointestinal transit time before and after surgery, faecal consistency assessment, patients with bile acid malabsorption, treatment for PCD, other abdominal nonpain symptoms pre and post cholecystectomy.
Statistics
Benefit ratios were calculated using the following formula: the number of patients with a particular symptom before operation minus those who developed it post operatively (including persistent and de novo), divided by the number of patients exhibiting the symptom preoperatively. Cure rate for diarrhoea was calculated fitting the extracted data into the following formula: patients with preoperative cholegenic diarrhoea minus the patients that still had diarrhoea after cholecystectomy divided by the patients with preoperative diarrhoea. Chi-squared test was used to calculate the P-value where applicable.
Results
The search of literature identified 64 articles, 39 of which including; non-related studies (n = 19), foreign language articles (n = 7) studies with cholecystectomy performed with another procedure or on patients with factors that could play a role in PCD (n = 6), Case reports (n = 3), and letter to the editor or commentaries (n = 4), were excluded. The 25 publications that met the inclusion criteria included 3388 cholecystectomised patients with a mean age of 53.40 years (12-88) and mean follow up of 32.4 months.
There were a total of 480 patients with diarrhoea after cholecystectomy in the included studies. However, 103 of these patients had diarrhoea prior to their cholecystectomy and were excluded for calculating the incidence of PCD as any information concerning progression of their symptoms was lacking. Finally, there were a total of 377 patients with PCD.
Incidence of Post Cholecystectomy Diarrhoea
Data on patients who developed diarrhoea following cholecystectomy was available in 21 studies [1,2,4,6-23].
Out of 3306 included patients, 302 developed PCD with a prevalence rate of 9.1%. The prevalence of PCD in male and female patients available in two studies [2, 11] is 11.8% and 8.8% respectively (P-value = 0.86).
Prevalence of Bile Acid Malabsorption in Patients with Post Cholecystectomy Diarrhoea
Data regarding bile acid malabsorption (BAM) in patients with PCD was reported for 55/377 of patients [3, 5, 24] . The prevalence of bile acid malabsorption among these patients was 65.5% (36/55).
Changes in the Number of Patients Who Reported More Than One Bowel Movement per Day after Cholecystectomy
Information regarding the number of patients who reported more than one bowel movement per day after cholecystectomy was available in three studies [4, 7, 8] with a total of 124/3388 cholecystectomised patients. The number of patients with more than one bowel movement per day increased by 21.7% from 30/124 to 57/124 before and after cholecystectomy respectively. (P-value = 0.0005).
Intestinal Transit Time before and after Cholecystectomy
There was just one study that measured colonic transit time [6] . This trial reported a significant acceleration in colonic transit time after cholecystectomy (38 ± 5 hours), compared with before surgery (51 ± 5 hours) [P-value < 0.05] in 24 patients. In their study Fort et al. showed that patients after cholecystectomy had markedly shortened colonic transit times (by 19 ± 3 hours). There was also a delay of orocaecal transit time from 80 ± 4 minutes before operation versus 103 ± 8 minutes after ( Table 1) .
Changes in the Number of Patients Who Reported Formed Stools after Cholecystectomy
Two articles included information regarding the exact number of patients with changes in faecal consistency after cholecystectomy.
Moussavian et al. [7] and Sauter et al. [8] mentioned that the number of patients who reported formed stools decreased by 29% from 71/73 before cholecystectomy to 50/73 after operation within 12 weeks of surgery (P-value = 0.0001).
Treatment of Post Cholecystectomy Diarrhoea
We found information on the number of patients with PCD who had responded to treatment with cholestyramine in one study by Sciarretta et al. [5] . They reported 23 cases of complete PCD resolution (92%) out of the 25 patients who were treated with cholestyramine.
Predisposing Factors
We did not find any proof of clear predisposing factors for the development of PCD in the studies. Only two studies contained the information, which could be considered relevant. In one study, which was done by Fisher et al. [2] , patients with post-operative diarrhoea were males with high BMIs, and were significantly younger (by a mean of 11.7 years) compared to patients without PCD. The authors concluded that the coexistence of age < 50 years with a high BMI and male gender are predictive for PCD. Another study suggested an increased risk of PCD in younger age group [9] .
Benefit Ratio of Diarrhoea in Comparison with Benefit Ratio of the Other Abdominal Complications in Cholecystectomy
To evaluate the benefit ratio of diarrhoea and other symptoms we included all patients that complained of a particular symptom pre and post-operatively, comprising all present persistent and de novo post-cholecystectomy symptoms.
There were six studies [1, [10] [11] [12] [13] [14] with information regarding diarrhoea in patients who underwent cholecystectomy. In total, there were 222 patients with preoperative diarrhoea, and 237 patients from the same samples who had diarrhoea after cholecystectomy. The benefit ratio for PCD was -0.07.
Nine articles [1, 6, [9] [10] [11] [12] [13] [14] 22] with information of pre and post-operative abdominal complications were analysed. Not each of the selected articles included data on all the considered abdominal symptoms ( Table 2) . We compared the benefit ratio of diarrhoea after cholecystectomy with seven other abdominal symptoms (Figure 1 ).
Cure Rate of Cholegenic Diarrhoea
To assess the effect of cholecystectomy on those patients who had pre-operative diarrhoea we analysed six articles [1, [10] [11] [12] [13] [14] containing data on patients with pre and postoperative diarrhoea. The total number of patients with diarrhoea before surgery was 222, after deduction of patients who experienced persistent diarrhoea, there were 121/222 patients cured of this symptom after cholecystectomy, so the cure rate was 54.5% (Figure 2). 
Prevalence of Post-Cholecystectomy New Onset Constipation
There were seven studies [1, 6, 10, 11, 13, 16, 21] with the data of new onset post-cholecystectomy constipation. 7.9% of patients (78/987) developed new onset constipation post-cholecystectomy.
Prevalence of Cholecystectomy in History of Patients with Chronic Diarrhoea
Through our electronic search, separately, we found four studies included patients with chronic diarrhoea [25] [26] [27] [28] . Some of these patients had nothing notable in their history apart from having a cholecystectomy in the past. Out of the 280 patients with chronic diarrhoea, 48 just had cholecystectomy in their history without any other factors that could play a role in aetiology of diarrhoea (17.1%).
Discussion
Determining the incidence of post-cholecystectomy diarrhoea in cholecystectomised patients could play an important role in identifying whether cholecystectomy may be a cause for diarrhoea after surgery. Our systematic review showed that following cholecystectomy 9.1% of patients reported post-cholecystectomy diarrhoea as a troublesome problem. This figure is less than what has been reported in some studies, with figures ranging from 12% to 20% [2, 6, 9, 13, 16, 20, 22, 29] . On the other hand several studies reported PCD prevalence to be between 2% -8% [1, 10, 11, 15, [17] [18] [19] 21, 23] with two studies reporting rates as low as zero percent [7, 8] . The differences in study groups, length of follow up, wording in assessment questionnaires, and definitions of diarrhoea could explain differences in the percentages of prevalence of post-cholecystectomy diarrhoea. In addition differences in views about diarrhoea of the people who were interviewed or participated in the studies, which reported bowel habits, are often not confirmed by objective records [18, 30, 31] . A larger overall sample size, included in our review, compared to individual studies does however lower the effect of the differences in each study giving a more accurate reflection of PCD's true prevalence. The prevalence of post-cholecystectomy diarrhoea in males was 11.8% compared to 8.8% in females, however this difference was not statistically significant (P-value = 0.86).
The aetiology of PCD is not completely known but seems to be multifactorial. Cholecystectomy can alter the enterohepatic circulation in a number of ways. There is an increase in the number of enterohepatic cycles and also bile production after cholecystectomy [2] [3] [4] [5] [6] 18] , leading to higher bile acid concentration in the colon. In addition, lack of the reservoir of the gallbladder causes a continuous flux of bile after cholecystectomy [2, 3, 6, 12] . Due to the individual limited bile reabsorption capacity of terminal ileum some patients may develop diarrhoea. A shift in bile acid composition towards the diarrheogenic secondary bile acids [27] , and even psychological and psychosomatic factors [2] are another suggested aetiologies.
Our results have shown that only 65.5% of patients with post-cholecystectomy diarrhoea have bile acid malabsorption, which suggest there are possibly additional so far unknown factors, which could play a role. An increase in orocaecal transit time and a significant acceleration of colonic transit time could be explained by bile acids slowing down small bowel transit, as a compensatory mechanism to facilitate additional bile acid reabsorption and to minimize spilling of bile acids into the colon. In a section of patients some amount of bile despite this adaptive capacity still spills into the colon, which could be responsible for colonic rate acceleration. This is supported by our results, which indicated a statistically significant increase of 21.7% in the number of patients who reported more than one bowel movement per day after cholecystectomy.
92% of post-cholecystectomy diarrhoea patients clinically improved after being administered by cholestyramine while only 65.5% were diagnosed with bile acid malabsorption. The high response rate to the cholestyramine even in patients with diarrhoea and a normal 75-SeHCAT test value [5] , suggests that cholestyramine may also have clinical effects through mechanisms other than pure bile acid binding. Although a good response to cholestyramine in patients with PCD could support the hypothesis that increased fecal bile acid may be the main reason for post-cholecystectomy diarrhoea.
Our review found no clear evidence supporting the existence of predisposing factors for PCD.
Cholecystectomy does not seem to have any positive effect on diarrhoea, with a benefit ratio of -0.07. However, we cannot ignore the role of cholecystectomy on improving the clinical picture of pre-operative diarrhoea in some patients. The cure rate of cholecystectomy on diarrhoea in our study was 54.5%. This indicates that while cholecystectomy cannot significantly improve preoperative diarrhoea, it may be the cause of new onset postoperative diarrhoea (post-cholecystectomy diarrhoea), which lends further support to the existence of postcholecystectomy diarrhoea as an entity.
The fact that 17.1% of patients with chronic diarrhoea presented only with a history of cholecystectomy could be considered as evidence in support of the relationship between diarrhoea and cholecystectomy even after many years of cholecystectomy.
Conclusion
The aetiology of PCD is unknown and appears to be multifactorial. There are some so far unknown factors, which can accelerate the colonic transit time significantly and lead to a significant decrease of faecal consistency after cholecystectomy. These changes in some cases are strong enough to develop PCD.
The good response up to 92% of patients to cholestyramine is in strong support that although an increase in the concentration of faecal bile acids is alleged to play an important role in aetiology of PCD, cholestyramine could also have a curative effect on the other unknown aetiologies.
The complexity of the aetiology of PCD is projected more when we consider the curative effect of cholecystectomy on pre-operative cholegenic diarrhoea, and the occurrence of post-cholecystectomy new onset constipation. However the relationship between cholecystectomy and chronic diarrhoea is an undeniable fact.
